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Dynamic and Thermal Effects 


High-alloy steels having high resistance to fracture at room temperature include 
HY-80, HY-100, HY-130, and A-543 ASTM grades, and may be acceptable up to 
the thicknesses of about 3.0 in. In the low-alloy class, A-514 and A-517 ASTM 
grades serve as examples. For thicker sections, in the range of 6 to 12 in., the 
alloying elements have to be increased. However, experience with thick pressure 
vessels indicates that even good-quality quenched and tempered steels may become 
highly brittle. One of the best fracture-tough materials has been HY-80 steel, 
specified by the Navy, which even in welded regions performed successfully in hull 
structures of both surface ships and submarines since the mid-1950s. 

Current manufacturing specifications are designed to give full assurance that 
the HY-80 weldment system is a well-proven structural material. However, even 
in this and similar cases, special attention must be paid to any changes in the 
fabrication processes that may significantly affect the quality of the material, as 
well as the meaning of a standard test procedure such as Charpy V notch. This 
is especially important during the process of quality control and the correlation of 
fracture-tough parameters for design purposes. 

Fracture mechanics and its natural derivative, fracture control, are the elements 
of a relatively new science affecting the work of modern designers. It will be some 
time before the theoretical and experimental developments of fracture mechan¬ 
ics become fully understood and applied by the various manufacturing industries. 
General industrial acceptance will, most likely, come from the economic necessity 
of complying with the more stringent rules of product safety at all levels of the 
government and in the private sector of our society. 


BASIC CONCEPTS AND DEFINITIONS 

The art and science of fracture control is related to the basic concepts of fracture 
mechanics, as it utilizes the stress field parameter 7f lC , defined in Chap. 14. This 
parameter has been designed primarily to measure very fine differences in fracture 
toughness related to the brittle state of the material, and represents the elastic 
stress field. For this reason, however, it cannot represent the full transition range 
of fracture toughness between the brittle and plastic behavior, unless a suitable 
correlation between the K 1C and other test parameters can be developed. A num¬ 
ber of difficulties encountered with the various correlation methods, referred to in 
Chap. 14, can, however, be overcome by conducting a dynamic tear (DT) test, 
in which a specimen, featuring a deep sharp crack, is broken in a pendulum-type 
machine. The upswing of the pendulum following the break indicates the level of 
energy absorbed. This requires that the size and geometry of the test piece be 
standardized. The methods of deriving the I\ 1C parameter from the dynamic tear 
data are described in considerable detail in the literature [87-89]. 

The dynamic tear concept provides a relatively inexpensive method of charac¬ 
terizing the particular material with regard to its fracture toughness as a function 
of test temperature, as shown in Fig. 15.1. The solid line in the figure is known 
as the crack arrest temperature (CAT) curve. The point on the curve denoted 
by NDT denotes the nil ductility transition temperature. As the temperature is 
decreased, a critical transition point NDT is reached which characterizes the ini- 



